on behalf of the CureGN Consortium* Background--Cardiovascular disease is a major cause of morbidity and mortality in children with chronic kidney disease. We sought to determine the prevalence of cardiovascular risk factors in children with glomerular disease and to describe current practice patterns regarding risk factor identification and management.
stage renal disease cases in 11 186 index kidney transplant recipients from the North American Pediatric Trials and Collaborative Studies. 11 Many glomerular diseases-including minimal change disease (MCD), focal segmental glomerulosclerosis (FSGS), membranous nephropathy (MN) and, to a lesser extent, IgA nephropathy/IgA vasculitis (IgAN/IgAV)-are characterized by the presence of nephrotic syndrome. Nephrotic syndrome is associated with hypertension, 12 dyslipidemias, 13 and often prolonged exposure to corticosteroids leading to obesity and diabetes mellitus. However, the prevalence of traditional and nontraditional CVD risk factors in children with glomerular disease is not well described. Even less is known about current practice patterns regarding CVD risk factor evaluation and treatment in this population. The Cure Glomerulonephropathy Network (CureGN) is a prospective multicenter cohort study of children and adults with glomerular disease funded by the National Institute of Diabetes and Digestive and Kidney Diseases. 14 We hypothesized that children with glomerular disease, particularly those with active nephrosis, have the highest prevalence of CVD risk factors and are likely not receiving comprehensive screening and treatment at a level commensurate with their risk profile. Therefore, we sought to describe the prevalence of CVD risk factors in those children and to evaluate current practice patterns regarding identification and management of their CVD risk profile.
Methods
The supporting data are available at the National Institute of Diabetes and Digestive and Kidney Diseases central data repository. 15 
Study Sample
We performed a cross-sectional examination of all participants younger than 18 years old at the time of consent who were enrolled in CureGN between December 2014 and January 2018. CureGN enrolls participants from multiple clinical sites in North America and Europe. Participants with a diagnostic kidney biopsy within 5 years before enrollment that meets pathologic criteria for MCD, FSGS, MN, or IgAN/ IgAV are eligible for inclusion. Those with end-stage renal disease at the time of screening or any of the following at the time of first kidney biopsy are excluded: systemic lupus erythematosus, HIV infection, diabetes mellitus, active hepatitis B/C, active malignancy, or prior solid organ/bone marrow transplant. The study protocol was approved by the Institutional Review Board at each participating center and all participants provided written, informed consent or assent at enrollment.
Data Collection
Demographic and clinical characteristics collected at study enrollment included age, sex, race, ethnicity, glomerular disease subtype, disease duration, medication use at or before enrollment, and treatment responsiveness (ie, steroid responsive, steroid-resistant, or multidrug resistant, as noted in medical records by treating providers).
Other variables of interest included estimated glomerular filtration rate (eGFR), serum albumin, and urine protein-tocreatinine ratio (UPCR). The central CureGN laboratory utilized a Randox RX Daytona chemistry analyzer to measure serum and urine creatinine using the Jaffe method, and urine protein with a colorimetric method. When central measurements were not available (74% serum creatinine, 80% UPCR), serum creatinine and UPCR measurements performed in local laboratories within 60 days before and after enrollment were
Clinical Perspective
What Is New?
• Children with primary glomerular diseases have a high burden of cardiovascular disease risk factors relative to the general pediatric population.
• The high burden of cardiovascular disease risk factors in these children is seen irrespective of remission status or steroid exposure duration.
• Screening and treatment practice patterns in these children, particularly for dyslipidemia, are not uniform, and only 9% of children with glomerular disease and dyslipidemia in this cohort received lipid-lowering treatment.
What Are the Clinical Implications?
• Opportunities exist to target modifiable cardiovascular disease risk factors (hypertension, dyslipidemia, and obesity) in children with primary glomerular diseases.
• Consistent uniform screening strategies and treatment guidelines, particularly for dyslipidemia, are urgently needed.
extracted from clinical records. Estimated GFR was calculated using the modified Schwartz formula. 16 
CVD Risk Factors Definitions
We assessed the prevalence at enrollment of pre-existing CVD or any of the following traditional (hypertension, obesity, and dyslipidemia) or nontraditional (proteinuria, prematurity, and second-hand smoke exposure) CVD risk factors. Three seated casual blood pressure measurements were obtained after 5 minutes of rest using a calibrated site-dependent oscillometric device at the enrollment visit. Consensus recommendations for cuff size selection and patient preparation were followed at all sites. 17 Hypertension was defined as a self-reported history of hypertension. The second and third seated blood pressure measurements were averaged and used to stratify blood pressure level at enrollment. Patients were considered to have a hypertensive-level casual blood pressure reading at enrollment if the average blood pressure measurement exceeded the 95th percentile for age, sex, and height. 17 Participants were considered to have a prehypertensive level casual blood pressure at enrollment if the average blood pressure reading was between the 90th and 95th percentile for age, sex, and height. Weight and height were measured at enrollment visit and body mass index (BMI) was calculated using the Centers for Disease Control and Prevention BMI calculator. Weight was classified using age-and sex-specific BMI percentiles from the Centers for Disease Control and Prevention growth chart as normal (BMI between the 5th percentile to less than the 85th percentile), overweight (BMI from 85th to less than the 95th percentile), or obese (BMI greater than or equal to the 95th percentile). 18 Lipid panels performed in local laboratories were extracted from clinical records and were included if performed before and up to 7 days following enrollment. Fasting status information was not available. Dyslipidemia at enrollment was defined per the National Heart, Lung and Blood Institute and the Kidney Disease: Improving Global Outcomes clinical practice guidelines, and included a total cholesterol ≥200 mg/dL, low-density lipoprotein ≥130 mg/ dL, high-density lipoprotein <40 mg/dL, or triglycerides ≥100 mg/dL (age 0-9 years) or ≥130 mg/dL (age 10-18 years). 19 Significant proteinuria was defined as UPCR >2
quantified by a 24-hour urine collection, a first morning void, or random spot urine. History of prematurity (birth before 37 weeks gestation), self-reported smoking or exposure to second-hand smoke, and pre-existing CVD diagnoses including coronary artery disease, heart failure, heart arrhythmia, stroke, peripheral vascular disease, aortic aneurysm, and valvular heart disease were obtained from participant interviews at enrollment visit. Participants were considered in complete remission at enrollment if they had a UPCR <0.3 and serum albumin >3 g/dL.
CVD Risk Factor Screening and Treatment Practice Patterns
The following variables were extracted from patients' local medical records using a standardized data collection form: lipid profile measurement (yes/no), prescription of lipidlowering medication (yes/no), type of lipid-lowering medication, prescription of any antihypertensive medication, and prescription of renin-angiotensin-aldosterone system (RAAS) blockers specifically. Screening and treatment frequencies were compared across the 4 glomerular disease types, and across prespecified groups of interest (ie, participants with versus without nephrotic range proteinuria, and those prescribed versus not prescribed RAAS blockers). 20 Modified Poisson rather than logistic models were used because of our interest in prevalence ratios rather than odds ratios, more robust standard error estimation, and precision and consistency of effect estimates with adjustment covariates. 16, 21 Models to estimate prevalence ratios for hypertension, obesity, and hypercholesterolemia in MCD, FSGS, and MN versus IgAN/IgAV participants were adjusted for age, sex, race, and eGFR. We compared the prevalence of CVD risk factors in the CureGN pediatric cohort to prevalence reported in the US general pediatric population using 1-sample binomial proportion tests. [22] [23] [24] [25] [26] All analyses were conducted using SAS software, Version 9.4 (2013; SAS Institute Inc., Cary, NC).
Statistical Methods

Results
Cohort Description
A total of 761 children were included in this study: 283 (37%) with MCD, 177 (23%) with FSGS, 36 (5%) with MN, and 265 (35%) with IgAN/IgAV ( Table 1 ). The median age at disease diagnosis was 9 years (IQR 5-13). Participants were enrolled at a median of 16 months (IQR 5-37) since diagnosis and 11 months (IQR 3-29) since their kidney biopsy. Most participants were white (71%), and the remaining were 18% black and 6% Asian. Hispanic or Latino ethnicity was reported by 12%. Among white children, IgAN/IgAV predominated (43%), 34% had MCD, and 19% had FSGS. Among black children, MCD predominated (45%), 41% had FSGS, and only 8% had IgAN/IgAV. Children with MCD had longer disease duration before enrollment, at 27 months versus 6 to 14 months in the other groups. At enrollment, median eGFR was 103 mL/min per 1.73 m 2 overall and exceeded 90 mL/min per 1.73 m 2 in all disease subgroups. Median serum albumin was normal at 3.8 g/dL (IQR 3.0-4.2) and median UPCR was mildly elevated at 0.5 mg/mg (IQR 0.1-2.4). In 521 children with serum albumin and UPCR measurements at enrollment, only 200 (38%) were in complete remission.
Immunosuppressive medication burden at enrollment was high with 421 (55%) of children receiving either steroids or a calcineurin inhibitor (Table 2) . Steroid exposure duration exceeded 6 months in 43% of participants who were ever prescribed them (Table 3) .
CVD Risk Factors
Traditional risk factors Hypertension. Hypertension was frequently observed (Table 4) . Twenty-one percent of participants self-reported a history of hypertension, and 22% had a hypertensive-level casual clinic blood pressure reading at enrollment. Hypertensive-level blood pressure readings were noted in 34% of those Age at consent, y 11 (7-15) 8 (6-12) 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) 15 (12) (13) (14) (15) (16) (17) 12 (9) (10) (11) (12) (13) (14) (15) Disease duration (mo since diagnosis) 16 (5-37) 27 (10-51) 14 (6-36) 6 11 Race ‡ White 510 (71) 171 (65) 98 (58) 21 (64) 220 (87) Black 132 (18) 59 (22) 54 (32) 9 (27) 10 (4) Asian 43 (6) 21 (8) 6 (4) 1 (3) 15 (6) Other 34 (5) 13 (5) 10 (6) 2 (6) 9 (4) Hispanic/Latino † 94 (12) 35 (12) 20 (11) 8 (22) 31 (12) Male 449 (59) 174 (61) 95 (54) 16 (44) 164 (62) Disease classification
Steroid/multi-drug-resistant 134 (18) 56 (20) 59 (33) 8 (22) 11 (4) Steroid sensitive 256 (34) 163 (58) 41 (23) 5 (14) 47 (18) Untreated 101 (13) 22 (8) 28 (16) 5 (14) 46 (17) Unknown/not applicable 270 (35) 42 (15) 49 (28) 18 (50) 161 (61) eGFR, mL 
CureGN indicates Cure Glomerulonephropathy Network; EGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IQR, interquartile range; MCD, minimal change disease; MN, membranous nephropathy; UPCR, urine protein-to-creatinine ratio (measured on 24-hour urine, first morning void, or spot/random urine in hierarchy as available). *Percent reported among nonmissing observations. † ≤1% missing. ‡ 5% to 10% missing. § 10% to 20% missing. with a known diagnosis of hypertension and 19% of normotensive children. After adjusting for between-group differences in age and sex, a higher prevalence of hypertension or hypertensive-level blood pressure was evident among participants with MN versus IgAN/IgAV; the association persisted even after adjusting for race and eGFR ( Table 5 ). The prevalence of hypertension or hypertensive-level blood pressure was similar among those with (38%) versus without (42%) at least 6 months of steroid exposure (Table 6 ). However, there was a significant difference in the prevalence 161 (21) 63 (22) 46 (26) 10 (28) 42 (16) (14) 39 (15) 31 (19) 6 (18) 23 (9) Hypertensive 160 (22) 66 (25) 38 ( (45) 73 (43) 11 (31) 137 (52) Overweight 143 (19) 61 (22) 28 (17) 9 (26) 45 (17) Obese 239 (32) 86 (31) 62 (37) 15 (43) 76 (29) Exposure to firsthand smoke 12 (2) 0 (0) 4 (2) 1 (3) 1% to 5% missing. # Heart arrhythmia (n=8), valvular heart disease (n=4), peripheral vascular disease (n=2), aortic aneurysm (n=1), coronary artery disease (n=1), heart failure (n=1), stroke (n=1). of hypertension or hypertensive-level blood pressure among those who were (29%) versus were not (44%) in complete remission at enrollment, P<0.001 (Table 7) . Twenty-six percent of participants with hypertension or hypertensive-level blood pressure were not receiving any antihypertensive medication at enrollment, and only 68% were treated with RAAS-blocking medications (Table 8) . RAAS blockers were prescribed most frequently for hypertensive participants with FSGS at 84%. The proportion of hypertensive participants receiving treatment with any antihypertensive agent or with a RAAS blocker specifically was similar regardless of the presence or absence of nephrotic-range proteinuria (89% and 79% in those with UPCR >2 versus 85% and 79% in those with UPCR≤2, P=0.5 and P=1.0, respectively).
Dyslipidemia. Only 49% of our study population had evidence of lipid screening. Among those with lipids measured, 265 (71%) had dyslipidemia of any type, and 224 (62%) had hypercholesterolemia. Hypercholesterolemia was most frequent in MN (82%) followed by MCD (71%), and least frequent in IgAN/IgAV (40%) ( Table 4) . Hypercholesterolemia was frequently observed regardless of steroid exposure duration (Table 6 ). Among screened participants in complete remission, 43% had hypercholesterolemia compared with 72% of those not in remission (P<0.001) ( Table 7) . Only 25 children with dyslipidemia (9%) were prescribed a lipid-lowering medication, which included statins, fish oil, or bile acid sequestrants. Forty-three of the 78 children treated with lipid-lowering agents lacked a lipid profile measurement, of whom 33 received fish oil. Normal lipid profiles were noted in 10 children treated for dyslipidemia. The frequency of lipidlowering medications differed across glomerular disease causes (Table 8) . Overall, participants with MCD were least likely to receive lipid-lowering treatment, whereas those with MN or IgAN/IgAV were more likely. The proportion of those treated with lipid-lowering medications was also almost 2 times higher in participants with nephrotic-range proteinuria (UPCR >2) compared with those without (16% versus 9%, P=0.02). Finally, lipid-lowering medication use was almost twice as high in RAAS blocker users at 13% versus 6% in nonusers.
Obesity. Based on BMI percentile at study enrollment, 51%
were either overweight (19%) or obese (32%); only 2% and 5% of overweight and obese participants, respectively, had moderate or severe edema noted on their enrollment visit physical examination with 78% and 79%, respectively, having no edema at all. Relative to participants with IgAN/IgAV, the prevalence ratio of obesity was slightly higher among patients with MN, although CIs were wide (Table 5 ). There was no difference in the proportion of obese participants in relation to steroid exposure duration ( Table 6 ). The proportion of obese participants was lower in those in complete remission, though not significantly different from those who were not (Table 7) .
Nontraditional risk factors
Proteinuria. Overall, the median UPCR was subnephrotic at enrollment ( Table 1 ). The highest median UPCR was observed in the MN group at 2.0 (IQR 0.9-7.0). RAAS blockers were frequently prescribed (Table 8 ) with use in 58% of all children including 58% of those with nephrotic range proteinuria (UPCR >2), 71% of those with a UPCR of 0.3≤ and ≤2, and 52% in those with UPCR <0.3. The highest proportion of participants on RAAS blockers were those with FSGS (73%), and the lowest in participants with MCD (42%). RAAS blocker use was more frequent in children with steroid/multi-drug-resistant glomerular disease compared with steroid-sensitive disease (67% versus 48%), P<0.001.
Other factors. Exposure to firsthand smoke was limited to 12 participants, while 24% reported exposure to secondhand smoke at home. Twelve percent were born prematurely.
Comparison to the general pediatric population
Except for prematurity, all risk factors were more frequent among children with glomerular disease (Figure) .
Discussion
Our study examines the cardiovascular risk profile in the pediatric CureGN cohort, which represents the largest cohort of children with 4 common and biopsy-confirmed glomerular diseases assembled to address these questions, and provides a contemporary description of practitioners' practice patterns in screening and treatment of CVD risk factors in this high-risk Journal of the American Heart Association pediatric population in North America and Europe. As hypothesized, our findings confirm the high prevalence of CVD risk factors in children with glomerular disease and highlight potential areas for improvement in screening and treatment of these risk factors. Despite the relatively mild degree of CKD at enrollment (median eGFR exceeded 90 mL/ min per 1.73 m 2 in all subgroups), hypertension was reported by almost one fourth of patients, with a similar percentage exhibiting a hypertensive-level blood pressure reading at their initial visit. Similarly, more than half were either overweight or obese, and in those who underwent lipid screening more than two thirds had dyslipidemia. Another concerning finding is the presence of these risk factors at a high prevalence regardless of cumulative steroid exposure duration, and even in the minority (38%) that were in complete remission at the time of enrollment. In comparison, the prevalence of systolic hypertension, overweight/obesity, and dyslipidemia in the CKiD cohort was 14%, 24%, and 45%, respectively. 27, 28 The Cardiovascular Comorbidity in Children with Chronic Kidney Disease (4C) study reported that 26% of patients had uncontrolled hypertension and 23% were overweight/obese. 29 The NEP-TUNE (Nephrotic Syndrome Study Network) study reported that 42% and 57% patients had uncontrolled hypertension and were overweight/obese, respectively. 30 In CureGN, the prevalence of hypertensive-level blood pressure at enrollment of 22% is lower than the similar NEPTUNE cohort, which may reflect a longer disease duration before the enrollment visit in CureGN, offering an opportunity to achieve better blood pressure control. We also report a higher prevalence of overweight/obesity (51%) compared with CKiD (24%) or 4C (23%), but comparable to the NEPTUNE cohort (57%). This may be secondary to side effects of steroids or other medications used to treat glomerular diseases, or elevated weights because of edema in participants with nephrotic syndrome, although we noted that moderate or severe edema was present in only 5% of obese participants. For children in the CureGN cohort who underwent lipid screening, the prevalence of dyslipidemia (71%) is higher than previously reported in the CKiD study (45%). This may be because of increased prevalence of dyslipidemia in children with proteinuria or nephrotic syndrome related to change in cholesterol metabolism, or because of a selected higher-risk population receiving cholesterol screening in the CureGN cohort. This is suggested by the higher prevalence ratios for hypercholesterolemia and to a lesser extent hypertension in children with MCD and MN relative to their counterparts with IgAN/IgAV ( Table 5 ). The former 2 conditions almost universally present with nephrotic syndrome and nephrotic-range proteinuria, whereas the latter typically presents with subnephrotic range proteinuria, and hematuria. 8 Most concerning, though, was the much higher prevalence of traditional CVD risk factors compared with the general pediatric population (Figure) , as these potentially modifiable risk factors are present in children early in their glomerular disease course (median of 16 months since diagnosis), placing them at increased risk of developing overt cardiovascular disease as they age. National preterm birthrate, median year of birth for CureGN patients. [22] [23] [24] [25] [26] CureGN indicates Cure Glomerulonephropathy Network.
Our study highlights deficiencies and opportunities for improvement in screening and treatment patterns. It is apparent from our findings that screening for and treatment of CVD risk factors is not universal. For example, if patients were hypertensive, antihypertensives were prescribed in only 86% of patients. Similarly, RAAS blockers were prescribed in only 58% of those with nephrotic-range proteinuria. Perhaps the most notable finding is the lack of universal screening for lipid abnormalities in children who would be considered at high risk for dyslipidemia because of their underlying disease. Our study also highlights a reluctance to prescribe lipid-lowering medications, likely reflecting a lack of consensus regarding the relative risks and benefits of pharmacologic treatment of dyslipidemia in children in general. 31, 32 We hypothesize that the remitting-relapsing nature of childhood nephrotic syndrome may dissuade providers from aggressively screening for and treating CVD risk factors because of the perceived "transient" risk; however, only 38% of patients were in complete remission at a median of 12 months following diagnosis, and the prevalence of hypertension, obesity, and hypercholesterolemia remained high even among children who were in remission. Therapeutic nihilism might therefore result in a missed opportunity to improve the long-term cardiovascular risk profile. This study has several limitations. We were limited to a cross-sectional analysis of the enrollment visit dataset for the purposes of this report and did not have access to longitudinal follow-up data, which are currently being accrued. The focus of future analyses will be on longitudinal data examining the relationship between baseline cardiovascular risk factors and future events including cardiovascular events, hospitalizations, and progression to end-stage renal disease in both children and adults. Despite this limitation, the exclusive focus on children with 4 common biopsy-confirmed glomerular diseases is a major strength of our report. Previous similar cohort studies (CKiD, 4C Study) had limited numbers of children with glomerular disease (22% and 9%, respectively) and the NEPTUNE cohort had only 147 children with nephrotic syndrome enrolled at the time of kidney biopsy. [28] [29] [30] Despite the prospective design of CureGN, some clinical data for this cohort were collected retrospectively. Therefore, some data may be missing because of transition of care or other lapses, which might account for the low prevalence of lipid screening. However, the higher frequency of complete data available for other parameters such as eGFR, serum albumin, and UPCR suggests that the low prevalence of lipid screening is reflective of a clinical practice gap. For the available lipid measurements, we were not able to determine the fasting or postprandial nature of the collections. While this may interfere with the accuracy of triglyceride measurements, the high prevalence of hypercholesterolemia (62%) should not be significantly affected. Centralized laboratory measurements for serum creatinine and UPCR were completed for approximately one quarter of participants by the time of reporting; therefore, we relied on local laboratory data extracted from clinical records for most participants, which may introduce technique-based variability. The lack of temporal relationship of certain factors, such as availability of UPCR at time of lipid measurements, limits the ability to accurately investigate risk factor interactions. Additionally, biomarkers related to glucose metabolism such as glycated hemoglobin, which is very relevant for this population given the high prevalence of overweight and obesity as well as the potential diabetogenic side effects of the medications commonly used to treat nephrotic syndrome, are not collected or centrally measured as part of the current study protocol. It is an important clinical question that could be the focus of an ancillary study proposal by our group or any interested member of the larger scientific community. Finally, the designation of hypertensive and prehypertensive-level enrollment blood pressure readings followed the normative data introduced in the Fourth Report, as it was the reference blood pressure practice guideline at the time of the patients' diagnosis and enrollment. The 2017 American Academy of Pediatrics Clinical Practice Guideline for screening and management of high blood pressure in children and adolescents has since replaced the Fourth Report. 33 The exclusion of obese children from the reference group utilized to determine blood pressure percentile cutoffs in the 2017 guideline 33 essentially leads to more strict cutoffs, which would further increase the prevalence of hypertensive-level readings in our cohort had they been analyzed utilizing the new guideline cutoffs.
In conclusion, there is a high prevalence of potentially modifiable CVD risk factors in a large cohort of children with primary glomerular diseases. There appear to be ample opportunities for process improvement and targeted efforts to improve identification and treatment of those risk factors in high-risk patient populations, particularly children with clinically complicated nephrotic syndrome course. Future efforts need to better align clinical practice with existing treatment guidelines, facilitate the conduct of interventional studies aiming to determine best practice, and ultimately the development of evidence-based, disease-specific clinical practice guidelines.
